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0 Inflatable body. 

© The invention is directed to an inflatable body, such as a lifting body, comprising a fiber reinforced 
elastomer body which is flat in unflated condition and has in inflated condition a mechanical equilibrium shape 
that is predominantly geometrically continuous, non-spherical and non-cylindrical. 
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The present invention is directed to an inflatable body, comprising a fiber reinforced elastomer body. 
Inflatable bodies are particularly suitable as lifting bodies, as pressure vessels for gaseous, liquified or liquid 
materials or for blocking leaks and the like. 

Lifting bodies are used for lifting heavy objects, for example parts of collapsed structures under which 
5 persons have become wedged. The cause therof can be heavy earthquakes, collapsing of buildings, 
airplane disasters, train accidents and the like. In such situations usually only a very narrow entrance is 
present for applying a lifting apparatus. In such situations inflatable lifting bodies, or bags, are used, which 
are very flat in unflated condition. 

Other applications of the use of lifting bags, or lifting bodies, are moving heavy machines, for example 
w in the mining industry, changing tyres, lifting and levelling of buildings, re-railing of locos and lorries, but 
also in construction for forcing steel beams apart or for pressing together of ship segments/plates for 
welding works. 

In the art generally two types of lifting bags are distinguished, namely high pressure and low pressure 
bags. The group of low pressure bags gives an equal lifting capacity over the total lifting height. 
75 Furthermore, because of the limited forces per unit area there will be no damage of weak surfaces. The 
lifting capacity depends on the size of the contact area. 

A low pressure bag usually operates at an air pressure of about 0.2 till 1 .0 bar in excess of atmospheric 
pressure and acts on a large area. Usually lifting heights are available from about 25 cm to 300 cm with 
lifting capacities up to about 16 tons. 
20 The high pressure lifting bags give a high lifting capacity on a relatively small area, with a limited lifting 
height. 

The high pressure bags, usually prepared from vulcanized rubber reinforced with high tensile polyamide 
cord operate at air pressures in excess of 5 bars, up to 12 bars. The lifting capacities of those high 
pressure bags usually range from over 10, up to 75 tons. The maximum lifting height is however limited and 

25 the force exerted by the bag acts at a small area, so that weak surfaces could become damaged. 
Additionally, the high pressure lifting bags have the property that they change in geometry when inflated, 
from a flat, rectangular shape, via a pillow shape, to a spherical shape, when fully inflated, as this is the 
equilibrium shape of the material. The corners are the limiting weak spots. 

It will be clear that depending on the requirements of the situation either high pressure or low pressure 

30 systems are used. With the high pressure systems the disadvantage exists that the lifting force decreases 
upon increase of the lifting height, due to the decreasing service area. During rescue actions usually a 
constant, high lifting force is required over a large lifting height. 

One of the objects of the invention is to provide a lifting body having a large lifting capacity over a 
reasonably large lifting height. Another object of the invention is to provide a lifting body having 

35 substantially less weight per unit of lifting power. 

The invention is directed to an inflatable body, preferably a lifting body, comprising a fiber reinforced 
elastomer body which is flat in unflated condition and has in inflated condition a mechanical equilibrium 
shape that is predominantly geometrically continuous, non-spherical and non-cylindrical. Only the poles 
and/or the inlet (outlet) for the pressurizing medium will form discontinuities in the shape of the body. 

40 This inflatable body is comprised of a fiber reinforced elastomer body. The fibers have been wound 
along substantially geodetical lines, and the shape of the inflated body is designed so that the load is 
substantially equal everywhere in the fibers (more or less isotensoid). The combination of relatively stiff 
fiber re-inforcement and flexible matrix material is chosen in such a way that the design, production and use 
of the inflatable body is very tolerant for deviations and stress-concentrations in the inflatable body. 

45 Deviations of geodetics and/or continuity becomes possible to a certain extent, provided the structural 
integrity is maintained. 

The so-called "netting" theory has been used for this design. This theory teaches that in case of the 
use of stiff fibers in an elastomeric matrix, the influence of the matrix may be discounted for calculating the 
forces in a system of fibers of a wound construction. This theory is valid when the stiffness of the matrix is 

50 neglegibly small compared to the stiffnes of the fibers. A theoretical report on the development of pressure 
bodies using the netting theory can be found in the report of the Technical University of Delft, The 
Netherlands, report VTH-166, which is incorporated herein by way of reference. 

Winding the substantially continuous fiber reinforcement along a substantially rotation symmetrical body 
results then in an equilibrium shape that is non-spherical, preferably approximately elliptical, and deter- 

55 mined by the form parameter q as defined in the said report. In view of the applicability of the netting 
theory to the body of the present invention, which is justified by the difference in stiffness between the 
fibers and the matrix, the use of continuous fibers for the winding of the body will lead to the situation 
where the tension in all the fibers is substantially equal throughout the body (isotensoid). 
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In the current high pressure bags the fibers are mainly cross-ply (0-90°), which is totally different from 
the situation in the invention. 

The inflatable body according to the invention may be used as lifting body, as discussed hereinabove, 
but also for other applications wherein high pressure inflatable bodies can be useful, such as levelling of 
5 buildings and structures, support of platforms and the like. Examples thereof are lightweight, crash resistant 
pressure vessels, for example for holding hazardous gases or liquids under high pressure, such as gaseous, 
liquified or liquid propellants in the automotive and aerospace industry. 

The vessel can be either fire proof by to the choice of the materials of construction thereof, or by 
providing a metal or other fire proof box around the vessel. 
w Another example is the use as connecting "rod" means with adjustable rigidity, where the rigidity is 
adjusted by changing the pressure in the body. A high pressure provides a high rigidity and vice versa. 
This makes it also possible to have connections with less narrow tolerances. It is also possible to use the 
body according to the invention as a plug or sealing closure in pipes, etc. 

The pressure in the inflatable body will be applied by suitable means known in the art, like by air or 
75 another suitable pressurizing medium, for example another gas or a liquid medium. 

The lifting body has a geometrically continuous shape in inflated condition without external load. In 
unloaded equilibrium condition substantially no stress concentrations occur. The shape of the body contains 
substantially no discontinuities in the mathematical sense, with the exceptions discussed above. This 
excludes for example cylindrical bodies, or rectangular bodies. 
20 In figure 1a and 1b a lifting body according the present invention is shown. In 1a the lifting body in 
unflated condition is shown, where is in figure 1b the lifting body is shown in inflated condition. 

In fig. 1 c a possible application of the bags of the invention is shown, namely the support of an airplane, 
with malfunctioning nose wheel. 

In figure 2 the lifting force is given as a function of the lifting height in centimetres of the prior art 
25 airbags. A comparable airbag according to the invention shows a relation between lifting force and lifting 
height as shown in figure 3. It is clear that the lifting body according to the invention has far superior 
properties than the prior art lifting body. 

In the attached figure 4 a possible general lay-out of the lifting body of the present invention has been 
given. The basis of the body is formed by the load carrying stressed skin. This skin is open at the poles, 
30 which requires the presence of polar end caps. The stresses acting on these end caps must be transferred 
to the stressed skin. A sufficiently large flange may assist in this. 

To enable the closed stressed skin to hold gases or liquids, an air/liquid-tight inner liner is preferably 
present, although it is also possible to use a stressed skin that is air/liquid-tight. To inflate the body a valve 
is present, which will usually be present in a place where generally no lifting force is applied. This valve will 
35 of course be connected air/liquid-tight with the inner liner and securely with the stressed body, which must 
carry the load. 

To protect the stressed skin against foreign objects and damage a protective outer liner may be used. 
Preferably this outer liner is able to withstand mechanical and thermal abuse without early collapse. In 
practice this means that the outer liner must provide the bag with the possibility to withstand temperatures 
40 up to 150°C, surface pressures of at least 7.5-N/mm 2 and preferably also resistance against chemicals, 
such as oils, acids, lye, fats and the like. 

In practical use it my be advantageous to add a lift capacity enhancer to the lifting body of the present 
invention. This lift capacity enhancer is a sort of cap applied over the poles of such a shape that the top 
and bottom surfaces of the body with enhancers are substantially flat and parallel, without bringing undue 
45 stresses in the stressed body. 

The volume of the body in unloaded, inflated condition is given by 

n 

2 

V ~ 3 V (q2+q)3* ( 2q+l) VlV^q+l Sin2Q dG 

55 wherein q is defined as 
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Yo is the diameter of the pole opening, Y u is the smallest radius of the optimal part of the pressure vessel, 
and Yj is the largest radius of the optimal part of the pressure vessel. The volume of the bag for Yo is 60 
mm as a function of q is given in the attached figure 5. The shape of the body for Yo is 60 mm and with 
various values of q is given in the attached figure 6. In Figure 7 the lifting capacity is given for Y 0 is 60 mm 
w and q is 30 and 100. 

The production of the lifting body according to the invention can preferably be done by winding the 
continuous fiber around a rotation symmetric body having the required shape. A suitable filament winding 
machine for use in producing the lifting body of the present invention is shown in figure 8. 

After the fiber reinforcement body has been wound it can be incorporated in an elastomer matrix. It is 
75 also possible to wind elastomer-impregnated fibers, which results in the forming of the elastomer matrix. In 
a preferred embodiment the bag is produced by first applying a layer of liquid impermeable material on the 
body, preferably an elastomer, subsequently winding one or more layers of fibers (strands) around this 
body, preferably two layers, and finally again applying an elastomer layer, a resistance layer, over the final 
layer of fibers. 

20 The elastomer matrix can then be solidified, for example by vulcanization. Suitably the solidifica- 
tion/vulcanization takes place in flat condition. This results therein that the equilibrium shape in unflated 
condition is flat, so that the lifting body does not require much place in unflated condition. This is of 
importance when the lifting body has to be applied in areas where there is not much room, for example in 
collapsed buildings or after airplane, train or car crashes. When pressurized, the elastomer will be deformed 

25 elastically, until the inflated equilibrium shape has been reached. 

Depending on the wound shape of the body, which is suitably Gouda-cheese like (that is having the 
shape of a flat cylinder with continuous, curved edges; a squeezed sphere), when expanded, or more or 
less elliptical, a wide range of pressures can be applied to it, depending on filament type and quantity. It is 
generally possible to have one shape of body that can be used for either high pressures or low pressures. 

30 Generally pressures between 0.1 bar (g) and pressures higher than generally used at present are possible. 
Pressures higher than about 50 bars (g) are seldom used. In the attached figure 9 the effect of the external 
loading on the shape of the body is shown. 

It is possible to construct the inflatable body according to the invention in such a manner that the 
reinforced elastomer matrix is completely airtight, so that no inner pressure bag is necessary. This puts 

35 some heavy requirements on the construction of the so-called "poles" of the fiber ]reinforcement construc- 
tion. In view thereof it is preferred to fill the fiber reinforced elastomer body with an inner pressure bag, 
which after inflation follows the equilibrium shape of the reinforced body. 

The said poles can be strengthened, for example by using more fiber in the region of the poles. It is 
also possible to reinforce the poles with a closure from a suitable plastic or metal. It is to be noted that it is 

40 also possible to construct a lifting body having a closed pole, especially in case of completely airtight 
bodies, without inner pressure bag. Depending on the use of the inflatable body, the poles may provide 
protection against damages due to penetrating shapes in the environment. The poles may be provided with 
an inlet and/or outlet for the pressurizing medium, provided this does not interfere with the functioning of 
the inflatable body. In case the poles act also as area where the lifting force is exerted, it may be 

45 advantageous to provide the inlet (outlet) at a different place. 

In case of separate strengthening of the poles the said strengthening may be discontinuous with 
respect to the reinforced body. 

According to the invention it is possible to couple two or more bags in a rigid or flexible way, for 
example through specially designed accessories. These bags may be coupled to each other and/or to one 

50 or more objects. 

In one embodiment of the invention it is possible to combine two or more bags, wherein the poles act 
as a strengthening in the construction of the bags. There are various possibilities for combining the bags, 
some of which have been shown in the figures 10 and 11. In figure 10 the combination of two or more bags 
on top of each other, has been shown. In this construction the interior of the various bags may be 
55 connected with each other. It is also possible to connect bags having the interior of each bag separated 
from the others. 

In an alternative embodiment of the invention, which has been shown in the figure 11, three or more 
bags may be cascaded together, using suitably designed frames or other accessories. 
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The bags of the invention can also be provided with specially designed accessories, for example to 
improve the support or the lifting stability. One example of a bag provided with such a support is shown in 
figure 12, wherein a support for a pipe is shown. Fig. 12 a gives a schematic view of the way in which the 
support 1 and the pipe 2 are positioned in relation to each other, without the inflated bag, which is 

5 positioned below the support. Fig. 12 b shows a scross-section through the length of the pipe. 

The fiber reinforcement can be constructed from various materials, generally comprising natural or 
synthetic organic fibers, although the well-known aramid fibers, such as Kevlar (TM) and Twaron (TM) are a 
suitable choice. Those fibers provide sufficient tensile stiffness in combination with strength. Other suitable 
fibers are all those fibers with a high tensile strength and/or stiffness, like sisal, carbon fibers, E-, R- and S- 

w glass fibers, and those polymeric fibers which are suitable in the environments where the bags are used, 
such as the high molecular weight polyethylene fibers, polyester fibers and other fibers from high quality 
plastics (engineering plastics). In order to be able to apply the netting theory to the lifting body of the 
present invention the Youngs' Modulus of the fibers must be substantially higher than the modulus of the 
elastomer matrix. Generally the fibers have a modulus of at least ten times the modulus of the matrix. 

75 The elastomer matrix can be any suitable elastomer, although it is preferred that a high quality 
elastomer having a good resistance against environmental degradation, such as ozone resistance, is used. 
Suitable elastomers are for example the isoprene, polyurethane, styrene-butadiene, butadiene-nitrile, EP(D)- 
M, polybutadiene and silicone elastomers, which are optionally vulcanised after the body has been shaped. 
The fabrication of the fiber reinforced elastomer body can take place in various ways. A suitable method 

20 is winding a pre-impregnated fiber around the rotation symmetric core, optionbally followed by further 
impregnation of the final fiber reinforcement with the elastomer and solidification and/or vulcanization. 
However it is also possible to apply an elastomer matrix to the substantially rotation symmetric core prior to 
the winding of the fibers or after the winding of the fibers. After the fiber reinforcement has been wound 
around the core, the core is removed. This can be done by using a core that collapses in parts, by a 

25 temporary core composed of loosely bound solids or an inflatable core. 

Claims 

1. Inflatable body comprising a fiber reinforced elastomer body which is flat in unflated condition and has 
30 in inflated condition a mechanical equilibrium shape that is predominantly geometrically continuous, 

non-spherical and non-cylindrical. 

2. Inflatable body according to claim 1, wherein said fiber reinforcement for the said fiber reinforced 
elastomer body consists of fibers geodetically wound around a flat shaped, rotation symmetric core. 

35 

3. Inflatable body according to claim 1 or 2, wherein said elastomer has been integrated with the fibers in 
the situation wherein the fibers are in rest. 

4. Inflatable body according to any one of the claims 1-3, wherein said elastomer has been vulcanised 
40 onto the fiber reinforcement. 

5. Inflatable body according to any one of the claims 1-4, wherein the fiber reinforcements consists of two 
or more layers of fibers, preferably chosen from the group consisting of aramide fibers, polyethylene 
fibers, glass fibers, polyester fibers and carbon fibers. 

45 

6. Inflatable body according to any one of the claims 1-5, wherein the poles of the fiber reinforced 
material are strengthened. 

7. Inflatable body according to claim 6, wherein said strengthening comprises a closure of the pole 
50 opening. 

8. Inflatable body according to any one of the claims 1-7, wherein a separate inner body is present. 

9. Inflatable body according to any one of the claims 1-8, wherein the operating pressure of the body 
55 ranges from .1 to 50 bars (g). 

10. Inflatable body according to any one of the claims 1-9, said body being a lifting body. 
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11. Combination of two or more inflatable bodies according to any one of the claims 1-10. 

12. Use of a lifting body according to claim 10 for lifting heavy objects. 

13. Use of an inflatable body according to claim 1-10 as an inflatable seal, for example for a pipe. 
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